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Abstract
In detached Bridgman crystal growth, most of the melt is in contact with the ampoule 
wall, but the crystal is separated from the wall by a small gap, typically 1-100 
micrometers. A liquid free surface, or meniscus, bridges across this gap at the position of 
the melt-crystal interface. Meniscus shapes have been calculated for the case of detached 
Bridgman growth in cylindrical ampoules by solving the Young-Laplace equation. Key 
parameters affecting meniscus shapes are the growth angle, contact angle of the meniscus 
to the ampoule wall, the pressure differential across the meniscus, and the Bond number, 
a measure of the ratio of gravitational to capillary forces. In general, for specified values 
of growth and contact angles, solutions exist only over a finite range of pressure 
differentials. For intermediate values of the Bond number, there are multiple solutions to 
the Young-Laplace equations. There are also cases where, as a function of pressure 
differential, existence intervals alternate with intervals where no solutions exist. The 
implications of the meniscus shape calculations on meniscus stability are discussed.
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Large Bond numbers > 0(1)
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Schematic Diagram of Detached Solidification
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	 B = 3.248; Ge, r0 = 6 mm
γ 	 B = 4.651; InSb, r0 = 5.5 mm
Young-Laplace Equation
∆P : Dimensionless pressure differential
across the meniscus
B : Bond number; ratio of gravity force
to surface tension force
∂r 







z(0) = 0; β(0) = 90° - α; 	 α: growth angle
β(1) = θ –90°; r(1) = 1	 θ: contact or wetting angle
Gap Width vs. Pressure Differential
0 +a < 180°
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O +a < 180°
Gap Width vs. Pressure Differential (g = 1 x 10-6 g0)
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B = 3.248 x 10 -6
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Gap Width vs. AP (Intermediate Bond Number)
0 + a >
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Gap Width vs. AP (Intermediate Bond Number)
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Conclusions
• Meniscus shapes in detached Bridgman growth are determined by the
growth and contact angles, the pressure differential, and the Bond
number.
• Whether e + a is less than or greater than 180° is the determining factor
in whether menisci exist at large positive or negative pressure
differentials.
• Gap widths have been determined as a function of OP for several values
of a, e, and B.
• The largest gap widths are obtained, in general, when OP is on the order
of y/r0.
• The existence of the calculated meniscus shapes will depend on both
their static and dynamic stability.
